A theoretical description of the wavelength-modulation spectrometry Lorentzian lineshape function in terms of a normalized detuning and normalized modulation amplitude is given based on Fourier analysis. Simplified Lorentzian function lineshape expressions for the even harmonics of the Fourier components on resonance, given in terms of the normalized modulation amplitude, are simulation based on Matlab. The normalized modulation amplitudes that maximize the four lowest even harmonics of Fourier components are 2.20, 4.12, 6.08, and 8.06, respectively.
Introduction
Wavelength-modulation spectrometry (WMS) together with laser absorption is nowadays a useful technique for sensitive trace-species detection1-4. When these attributes are combined with various modulation techniques astonishing detection limits are achieved under a variety of conditions5-6. Modulation of the light from a diode laser can most conveniently be accomplished by modulation of the injection current, which imposes modulation on the frequency of the emitted light. One important advantage of modulation techniques is that they shift the detection to high frequencies to reduce 1/f noise, which decreases with increasing frequency.
A general formula for the nth Fourier component of a wavelength-modulated Lorentzian function has previously been given by Arndt [7] . That expression is, however, given as a sum of a term encompassing various combinations (sums, square roots, and powers) of complex expressions of the normalized detuning and modulation amplitude and its complex conjugate. This makes that particular expression far from transparent for analytical analyses and only useful when computer programs that can handle complex routines numerically can be used. We present therefore, in this paper, a simulation for the nth Fourier component of a wavelength-modulated Lorentzian lineshape function based on MATLAB.
Modulation Theory
In WMS, the wavelength is sinusoidally modulated through a corresponding modulation of the injection current.Applying a small sinusoidal modulation of frequency m f to the injection current of a laser results in a modulation of the laser frequency, ( ) cos(2 )
Where c v is a center laser frequency and a v represents the frequency modulation amplitude. It is, however, often convenient to express the laser frequency entities normalized in terms of the position and half-width-half-maximum width (HWHM) of the absorption profile Kluczynski and Axner calculated therefore explicitly in their work expressions in real forms for the five first Fourier components (n=0-4) of a Lorentzian lineshape function [8] . 
Where  is an instrument factor, 0  the optical thickness of the sample on resonance, () Iv the intensity seen by the detector, 
Arndt has previously derived an analytical expression for the nth harmonic of the wavelength modulated peak-normalized Lorentzian shaped lineshape function
where c.c. stands for the complex conjugate. However, its form is rather complicated; wherefore it is difficult to use it for analytical purposes, even to the lowest orders.
Axner et al. derived a general, non-complex analytical expression for the even component of the nth Fourier coefficient of a wavelength-modulated Lorentzian lineshape function. An expression for the nth Fourier component of the Lorentzian lineshape function can therefore finally be written succinctly as ( , ) [ n n a n a n a n a a
which gives rise to clearly manageable expressions for the a v dependence of the various even nth Fourier components on resonance. The four lowest even harmonicsare given in Table 1 . Fig.1 shows the eighth lowest Fourier components (the odd harmonics in Fig. 1a, i .e. n=1, 3, 5, and 7, and the even in Fig. 1b Fig.1 shows the well-known fact that the even harmonics of the Fourier components take their maximum value at resonance and the odd components take their maximum value at a finite detuning, Fig.1a show that the optimum detuning for the odd components is almost independent of the order of the Fourier component. 
Conclusions
The expressions derived here, which are significantly easier to work with than the general complex expression, make also investigations of multi-peak peak structures more manageable, which is of importance when atoms with either hyperfine structures or non-negligible isotope shifts are studied by WM techniques.
